This study was undertaken to examine the relationships between zinc param eters (serum alkaline phosphatase activity, and zinc concentration in serum and femur) and either body weight gain, protein intake or survival time in zinc deficient rats. Demineralized soy protein (DP) and alkali-treated soy protein (AP) were used as dietary protein sources in order to make zinc deficient diets (<0.5 mg zinc/kg diet). The sane diets (DP and AP diets) supplemented with lysine or cystine were also given freely to rats. Moreover, in other exper iments, the above relationships were examined. During the early stages, a significant nega tive correlation between body weight gain and survival time in zinc-deficient rats was demonstrated. The significant negative correlation coefficient between protein intake and survival time increased gradually, and the maximum value of this correlation coefficient was higher than that between body weight gain and survival time. The significant correla tions between protein intake and femur zinc concentration were recognized throughout the longer periods. These results show that the number of zinc-deficient rats which survive decreases as protein intake increases throughout the feeding period, that the influence of protein intake is greater than that of body weight in early stages, and that the zinc require ments of rats rise with the increase in protein intake.
Both serum alkaline phosphatase (ALPase, ortho phosphoric monoester phosphohydrolase, EC 3.1.3.1.) activity and zinc concentration in the serum and femur of zinc-deficient rats fed a 20% soy protein diet decreased faster than those in rats fed a 10% soy pro tein diet (1) . The average survival time of zinc-deficient rats fed a 20% soy protein diet was also less than those fed a 10% soy protein diet (1) . These observations indi cate that the zinc requirements of rats fed the 20% soy protein diet were higher than those fed the 10% soy protein diet, and that serum ALPase activity and zinc concentrations in the serum and femur of zinc-deficient rats are applicable as parameters of zinc status in the body (1) .
Zinc-deficient rats fed alkali-treated soy protein (AP) showed a slower reduction in these zinc parameters and longer survival time when compared with those fed intact soy protein. The quality of soy protein was reduced by alkaline treatment. In AP, cysteine levels were below the detectable limit, and lysine levels were slightly lower when compared with untreated soy pro tein. This indicated that the zinc requirements of rats fed the AP diet were lower than those fed the soy pro tein diet, and that the nutritive value as well as the amount of dietary protein affected the zinc require ments of rats (2) .
Cystine supplementation of the AP diet resulted in a reduction in zinc parameters and survival time in zinc deficient rats (3) . Rapid decreases in zinc parameters were found to accompany larger body weight in zinc deficient rats. Against these previous findings, the present study was undertaken to further investigate the relationships between body weight gain and either respective zinc parameters or survival time, and between protein intake and either respective zinc parameters or survival time in zinc-deficient rats fed an AP diet supplemented with lysine and cystine. 
RESULTS

AND DISCUSSION
Relationships between survival time and either body weight gain or protein intake in zinc-deficient rats fed 10% soy pro tein or 10% alkali-treated soy protein diets supplemented with amino acids (Experiment 1) Figure 1 shows changes in body weight and food intake, and survival time of zinc-deficient rats. Body weight of the AP and the APL rats decreased gradually, and was lower than that of APC rats. Body weight of rats fed the DP diet was greater than those fed the AP diet and was not influenced by supplementation with lysine or cystine. Rats fed the AP and APL diets survived longer than those fed the APC diet. The average sur vival time of zinc-deficient rats fed the DP diet was less than those fed the AP diet, and was not influenced by supplementation with lysine or cystine. In this study, zinc-deficient rats exhibited symptoms similar to those described by Swenerton and Hurley (8) . Namely, zinc deficient rats first displayed oral lesions. Area of dermal lesions extended from mouth to jaw and abdomen along the central line of the body. Ocular lesions and dermal lesions of the foot were also observed. With progress of zinc-deficiency, rats were extremely emaci ated with hair loss. Displaying wet hair and an abnor mal "kangaroo-like" posture, rats died soon. Figure 2 shows the relationship between survival time and either body weight gaigain or protein intake of rats fed the 10% protein zinc-deficient diets. Correlation coefficients in experiment 1 were calculated for every other day up to the 26th day because zinc-deficient rats began to die on the 28th day. Body weight gain and pro tein intake had significant negative correlations with survival time in rats fed the 10% protein zinc-deficient diets. Correlations between the survival time and body weight gain were significant during the period of the 2nd to 26th days, and the maximum negative correla tion coefficient was observed on the 10th day. Signifi cant correlations between survival time and protein intake were noted during the period of the 4th to 26th days, and the peak negative correlation coefficient was observed on the 6th day. These results show that zinc deficiency was related to increases in body weight and to total protein intake in rats from day 2 to 26 and day 4 to 26, respectively.
Changes in protein intake were identical to those in food intake because all six diets were set at a 10% dietary protein content in experiment 1. Relationship between the survival time and protein intake were thus indistinguishable from that between the survival time and food intake. Therefore, experiments using 10% and 20% protein zinc-deficient diets were conducted. Relationship between survival time and either body weight gain or protein intake in the rats fed a 10% or a 20% soy protein zinc-deficient diet (Experiment 2) Figure 3 shows changes in body weight, food and protein intake, and survival time of zinc-deficient rats. Rats stopped growing after having been fed a 20% DP zinc-deficient diet for 4d. After that, the body weight of zinc-deficient rats fed the 20% zinc-deficient diet decreased with changes in rise and fall of body weight, while body weight of rats fed a 10% DP zinc-deficient diet decreased gradually after 10d. Rats fed the 10% DP zinc-deficient diet survived longer than those fed the 20% DP zinc-deficient diet (p<0.002). This result obtained by using AIN-93G salt mixture was similar to previous study (1) using Harper's salt mixture.
Rats fed the 20% DP zinc-deficient diet began to die from day 29 (Fig. 3) . Therefore correlation coefficients between survival time, body weight gain and protein intake were calculated only up to the day 28. The results are shown in Fig. 4 . Significant negative correla tions between survival time and food intake were seen only for the earliest stages (day 2). Negative correlations between the survival time and body weight gain were significant for the first week, and the peak negative cor relation coefficient was observed on day 2. These results confirmed that survival time of zinc-deficient rats was shortened with increases in body weight during the early stages. In contrast, the correlation between sur vival time and protein intake was statistically signifi cant from day 1 to 28. The negative correlation coeffi cient increased gradually, and was higher than that between body weight gain and survival time. The maxi mum correlation is shown in Fig. 5 . Protein intake was thus more closely related to survival time than body weight gain and food intake of zinc-deficient rats. These fi ndings show that the effects of protein intake on sur vival of zinc-deficient rats were greater than those of body weight in early stages, and that increase in protein intake raised the zinc requirements of rats. It is well known that zinc deficiency occurs more readily when higher protein diets are fed to rats (9-13). Hunt and Johnson (14) also reported that high protein diets increased zinc requirements by a different approach from this study. In addition, when rats were given two kinds of diets, zinc-deficient rats consumed smaller amounts of the 20% protein diet than the protein-free diet, and the zinc-deficient rats survived longer than those fed a 20% protein diet alone or even those fed only a protein-free diet (15) . These results show that zinc deficient rats have an optimum protein require ment for survival and are able to adjust their protein intake, and that increases in protein intake in zinc-defi cient rats are unfavorable for survival. On the other hand, Hicks and Wallwork reported that protein syn thesis in the liver of rats was suppressed by zinc defi ciency (16) . Since their report, a number of studies have been conducted to examine the relationship between zinc deficiency and protein biosynthesis (17) (18) (19) . The results of the present study suggested that protein bio synthesis in zinc-deficient rats decreased with increased protein intake. Under the same dietary conditions, the relationships between zinc parameters (serum ALPase activity and zinc concentration of serum and femur) and either body weight gain or protein intake in zinc-deficient rats were examined. Relationships between zinc parameters (serum ALPase activity and zinc concentration of serum and femur) and either body weight gain or protein intake in rats fed a 10% or a 20% soy protein zinc-deficient diet (Experiments 3) Table 3 shows body weight, food intake and protein intake data, and Table 4 shows zinc parameters of zinc deficient rats. Greater reductions in femur zinc concen Table 5 . Correlation coefficient between either body weight gain or protein intake and each zinc parameter of rats fed a 10% DP or a 20% DP zinc-deficient diet (Experiment 3).
n=10, * p<0.05, ** p<0.001.
tration were observed in rats fed the 20% DP diet than those fed the 10% DP diet. The change in serum zinc concentration was similar to that in femur zinc concen tration. Serum zinc concentration in rats fed the 20% DP diet decreased rapidly within 1d, and then decreased slowly, as did that in rats fed the 10% DP diet. Serum ALPase activity was greatly reduced, but no dif ference existed in the rate of decrease between the rats fed 20% DP diet and those fed 10% DP diet. Table 5 shows the correlation coefficients between zinc parameters and either body weight gain, food intake or protein intake of rats fed a 10% DP or a 20% DP zinc-deficient diet. There were no significant correla tions between serum ALPase activity and either body weight gain, food intake or protein intake. Significant negative correlations were observed between body weight gain and zinc concentration in the serum or femur. Golub et al. reported that severely anorexic preg nant monkeys that lost body weight maintained normal levels of plasma zinc when they were fed a zinc-deficient diet, whereas monkeys that gained 20-30% body weight during pregnancy had severely depressed plasma zinc concentrations (20) . Significant negative correlations were seen between food intake and zinc concentration in the serum or femur. Protein intake was also significantly correlated with two zinc parame ters (zinc concentration in the serum and femur). In addition, significant correlations between protein intake and femur zinc concentration were recognized throughout the longer periods. Maximum significant correlations are shown in Fig. 6 . This result indicates that protein intake was more closely related to two zinc parameters in zinc-deficient rats than body weight gain or food intake. Similarly, in experiment 2, protein intake was more closely related to survival time than body weight gain or food intake (Fig. 4) . Therefore, the rela tionships between survival time and zinc concentration in the serum and femur were probably significant, although these relationships were not able to be directly examined in zinc-deficient rats. It can thus be con cluded that these zinc parameters (zinc concentration in the serum and femur) are suitable for use in zinc defi cient rats.
Significant correlations with protein intake were observed for serum zinc concentration (only day 1) and femur zinc concentration (from day 1 to day 22). A sig nificant correlation between protein intake and femur zinc concentration was recognized throughout the longer periods. On day 1, the significant correlation coefficient between protein intake and serum zinc con centration was higher than that between protein intake and femur zinc concentration. The significant negative correlations between serum zinc concentration and either body weight gain or food intake were observed earlier than those between femur zinc concentration and either body weight gain or food intake (Table 5 ). These results show that different zinc parameters may need to be used according to the length of the examina tion period or progress of zinc deficiency in rats. ters (zinc concentration of serum and femur) and either protein intake or body weight gain in rats fed a 10% DP (5 rats) or a 20% DP (5 rats) zinc-deficient diet (Experiment 3).
